ABSTRACT BACKGROUND: The present study is an evaluation of the efficacy of endovascular treatment in emergency setting for patients with acute peripheral and visceral arterial injury secondary to penetrating or blunt trauma.
Over the last 2 decades, there has been a paradigm shift in management of solid visceral organ injuries toward non-operative management, and transarterial embolization now has a recognized role in the non-operative management of these injuries. [5] Mortality rate in surgery for blunt hepatic trauma has been reported to be 33% or greater. [5, 6] Effectiveness of TCE for vascular liver injury has been well established, with success rates ranging from 85% to 100%. [6] [7] [8] [9] [10] The present study is an evaluation of the efficacy of endovascular treatment in emergency setting for patients with acute peripheral and visceral arterial injury secondary to penetrating or blunt trauma.
MATERIALS AND METHODS

Patient Population
This is a retrospective analysis of patients with peripheral and visceral arterial injury due to penetrating or blunt trauma who underwent endovascular treatment at our department between March 2010 and June 2014. During this period, 12 
INTRODUCTION
Interventional radiologists play an increasingly important role in the initial stabilization and management of acutely injured trauma patients. [1] Successful use of embolization has been described in all areas of the body following vascular injury. [2, 3] Percutaneous transcatheter embolization (TCE) of injured arteries has become a valuable treatment option in management of trauma patients. [4] Selective arterial embolization can stop arterial hemorrhage, often avoiding the need for surgery, or it can establish hemodynamic stability in the presence of other injuries requiring open operation. [2] patients (11 men) with mean age of 35.8±11.3 years (range: 18-56 years) were treated.
All patients had documented clinical signs of hemorrhage except 1 patient who was victim of knife assault and was treated for facial artery pseudoaneurysm (Fig. 1 ). Patients were defined as hemodynamically stable if they were euvolemic with normal clinical and laboratory parameters, and hemodynamically unstable if they were hypovolemic (systolic blood pressure <80 mmHg with tachycardia) with worsening clinical and laboratory parameters. Patients who were hemodynamically unstable after initial resuscitation were transported directly to operating room for exploration. Hemodynamically stable patients were treated with TCE. Blood transfusions were required for all patients except the patient with fascial artery pseudoaneurysm.
Diagnosis was established for all patients with contrastenhanced computed tomography (CT) or CT angiography (CTA). Presence of active arterial extravasation and pseudoaneurysm formation on CT were accepted as indication for digital subtraction angiography (DSA). Arterial extravasation is identified by focus or area of high attenuation that does not conform to normal vascular structure and is isodense to arterial contrast on arterial phase CT image, which may be contained, as in the case of pseudoaneurysm, or uncontained with free spill.
Endovascular Procedures
All procedures were carried out in fully equipped angio suite with the patient under general anesthesia or deep sedation. Procedures were performed with fluoroscopic control (Allura Xper FD 20/20, Koninklijke Philips N.V., Amsterdam, Netherlands).
Arterial access was obtained via right or left common femoral artery using standard Seldinger technique. A 4-6 F introducer sheath was placed in the femoral artery, and 4-5 F diagnostic catheters (Cordis Corp., Zug, Switzerland) were placed in the aorta to obtain non-selective diagnostic arteriogram. Diagnostic catheter maneuvers were performed with 0.035-inch guidewire. For extremity lesions, contralateral femoral artery approach was used, and 6 F Destination long introducer sheaths (Terumo Medical Corp., Somerset, NJ, USA) were positioned. When needed, microcatheters (Rebar-18; Micro Therapeutics, Inc., Irvine, CA, USA and Progreat 2.7 F; Terumo Medical Corp., Somerset, NJ, USA) were used for superselective catheterization. Injured vessels were embolized as distally as possible and pseudoaneurysms were embolized proximally as well as distally, the so-called "closing the front and back door" technique. All lesions were embolized with metallic coils with exception of 1 patient with liver injury for whom microspheres were used for particle embolization.
RESULTS
Traumatic lesions were located in the right hepatic (n=3), left hepatic (n=2), right hepatic and right renal (n=1), left inferior epigastric (n=2), left facial (n=1), anterior tibial (n=1), and deep femoral (n=1) arteries. Mechanisms of arterial injuries were secondary to penetrating injury due to gunshot wound in 4 (33.3%) patients and stab wound in 5 (41.7%) patients, and blunt abdominal injury due to traffic accident in 3 (25%) patients.
Arterial injuries were confirmed by CT scan in all cases. CT scan demonstrated pseudoaneurysms in 4 patients at anterior tibial, deep femoral (Fig. 2) , left hepatic, or facial arteries. In the remaining 8 patients, active extravasation was detected on CT examination.
Six patients presented with hemodynamic instability, and 3 patients responded to initial resuscitation. Three patients did not respond to initial resuscitation in the emergency department and were transported to operating room for exploration and compression. After operative packing of liver in 2 patients, and surgical exploration and compression of pelvis in 1 patient, hemodynamic status of patients were stabilized; however, hemoglobin levels continued to decrease. CTA was performed on these patients and vascular injuries were localized.
Ulus 
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Six hemodynamically stable patients underwent TCE following CT examination and technical success rate was 100% (Figs. 3, 4) . Pushable (n=5) and detachable (n=6) coils were used in 11 cases, and spherical particles were used as embolic agent in procedure for patient with high-grade liver injury. Particles were preferred due to presence of widespread multiple arterial injuries in lacerated liver parenchyma. There was no procedure-related mortality, or complications. Two patients died due to coexisting injuries on 29 th and 43 rd days of hospitalization. Outcomes were assessed by clinical examination, CT, and Doppler ultrasonography. Median hospitalization period was 6.0 days (range: 1-43 days) and mean intensive care unit hospitalization was 7.7 days (range: 0-43).
DISCUSSION
In this series, arterial hemorrhage of 12 patients with peripheral and visceral arterial injury due to trauma was treated successfully with TCE. TCE was performed on patients who were hemodynamically stable, or whose hemodynamic status was stabilized with initial resuscitation. Patients who were hemodynamically unstable despite initial resuscitation were directly transported to operating room for exploration. Traditionally, hemodynamically unstable patients have been taken straight to surgery rather than undergo CT or angiography. [2, 11] For hemodynamically stable patients, advances in vascular interventional radiology now offer alternative minimally invasive treatment. [11] There is consensus on operative exploration for hemodynamically unstable patients with suspected high-grade liver injury. [12] However, endovascular treatment option is increasingly selected for some unstable patients. Trellopoulos et al. reported 100% technical success rate with no procedural complications in endovascular management of peripheral arterial trauma in patients presenting in hemorrhagic shock. [13] Mohan et al. also reported successful results of prompt endovascular treatment in both pediatric and adult patients with hemodynamically compromised hepatic vascular trauma. [7] While surgical exploration has the advantage of directly visualizing an injured blood vessel, it is associated with blood loss and infection. It is also important to remember that a surgeon can only see the outside of a blood vessel and may miss significant damage to arterial intima. In addition, direct exploration risks disturbing a hematoma, which may bleed substantially and might have been self-limiting if left undisturbed. [2] Hepatic arterial hemorrhage in deep liver parenchyma is difficult to control, even with operative packing. Furthermore, surgical exploration to localize exact bleeding point may sometimes be troublesome. Postoperative CT examination and TCE may be useful for patients with persistent hemoglobin level decrease.
All of our patients were treated with TCE as result of indications confirmed by CT. Multislice CT is the best imaging study for evaluation of stable trauma patients. [5] Primary screening of hemorrhagic trauma patients with rapid early-phase CT has been shown to be useful to determine subsequent angiographic intervention. [13] A prospective multicenter trial using contrast-enhanced helical CT to evaluate stable patients found that 18.4% of patients with visceral injuries had arterial extravasation, and patients with arterial extravasation were significantly more likely to undergo TCE or surgery. [14] We preferred to use coils as embolic agent for the procedures in this study. The choice of embolic agent will vary based on the site and nature of the injury, the desire to preserve collateral flow, and operator experience. Gelfoam (Pfizer, Inc., NY, NY, USA), particles, glue, and coils are the most commonly selected embolic agents in trauma. [2, 5] In emergency situation, coils are often the fastest agent to deploy and can be delivered with considerable accuracy. [5] Quick diagnosis and prompt TCE can be life-saving for patients with hemorrhagic trauma. Furthermore, endovascular treatment options may avoid need for surgery, which has high mortality and morbidity rates in emergency setting. With technological improvements in the last decades, minimally invasive techniques have become alternative treatment option for acutely injured patients. In conclusion, TCE is technically feasible and effective for trauma patients with acute arterial hemorrhage.
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